The Advanced Photovoltaic Experiment was designed to generate laboratory reference standards as well as to explore the durability of a wide variety of space solar cells. In addition to the cells, it was equipped with an absolute cavity radiometer to measure solar intensity, a spectroradiometer to measure the spectral content of this radiation and a sun angle sensor. Data from the solar cells and various sensors was obtained on a daily basis during the first eleven months of the 69 month flight. In this paper we compare pre-flight and post-flight laboratory measurements with on-orbit calibration data. Pre-flight and post-flight calibration data of the cavity radiometer as well as on-orbit data demonstrated the accuracy and durability of the Eppley instrument flown on APEX.
I NTR 0 DUCT ION AND EXPERIMENT DESCRl PTI ON
The Advanced Photovoltaic Experiment (APEX) is a space flight test designed to provide reference cell standards for laboratory photovoltaic performance measurements as well as to investigate the solar spectrum and the effect of long term exposure of solar cells to the space environment. Toward this end, 155 solar cells of the widest available variety of designs and materials were incorporated into the experiment along with sensors to measure total solar irradiance and sun angle. Experimental measurements were made on a daily basis, dependent upon the achievement of proper sun angles, and recorded on an on-board magnetic tape recorder. The experiment was designed around the original flight time of one year, with battery capacity the principal lifetime limiting factor. Useful data was, in fact, obtained f o r 325 days, at which time the voltage of the batteries supplying the data acquisition system fell below the threshold necessary for calibrated operation. Details of the design and operation of APEX have been previously published [I Each group provided cells representative of technologies which were either in development or production.
The experiment was designed to accommodate a total of 155 such cells, including the silicon cells which were employed as sensors for the spectral radiometer portion of the experiment. All cells were permanently mounted on aluminum plates with a thermistor in contact with the rear of the cell. 139 cells were designated as Isc cells, 120 to be calibrated as reference standards and returned to the investigators, eighteen for use as spectral radiometer sensors and one as a night sensor to signal the data acquisition system that conditions were correct for the requisite periodic short-circuit current was converted to a voltage through the use of a precision load resistor. In most cases a 0.1 51 value was used. The remaining sixteen cells were designated IV cells, that is the entire current -voltage characteristic was measured through the loading of the cell by a series of five appropriately sized resistors.
calibration of t h e cavity radiometer. For these cells, the At that time, only silicon cells were in production, with the development of gallium arsenide in its early stages. This is reflected in the distribution of these semiconductor types in the APEX complement, which is summarized by cell type and size below: 
SENSOR RESULTS
A detailed examination and recalibration of the various sensors and instruments on APEX was performed. The Eppley Type HF absolute cavity radiometer was of particular interest in that it is the only radiometer ever returned from an extended stay in space. It is identical to an instrument that has provided over 12 years of data as part of the Earth Radiation Budget experiment on Nimbus 7. After detailed examination at the Eppley Laboratories, it was compared with standards at the World Radiation Center in Davos, Switzerland 131. As seen in Table I , the 69 months in-orbit had little effect on the radiometer. Its sensitivity was essentially unchanged, as was the its reflectance, in agreement with the results of visual inspections.
A spectroradiometer was included in APEX to measure the spectral content of the extraterrestrial sunlight. After return, it was intended that the instrument be used for calibration of laboratory solar simulators. The spectroradiometer consisted of sixteen identical silicon cells with narrow bandpass optical filters. The wavelength transmittance of the first thirteen filters is seen in Figure 2 . The drastic change in transmittance in many filters is clearly seen, although there was no major shift in wavelength band. This degradation was, of course, unexpected and has made the instrument unsuitable for further use in the laboratory. An explanation of the effect or its probable cause has not been forthcoming from the filter manufacturer [4] . 
SOLAR CELL RESULTS
The overall condition of the cell sample set was excellent. A contaminating film seen over much of LDEF was present to a varying degree on APEX, the thickness of the layer dependent upon location. No loss of cell coverglass nor significant changes in color or appearance was observed. Several of the cells were cratered from micrometeoroid andlor debris impacts, with the range of damage spanning from microscopic craters in the coverglass surface to penetration of the coverglass and cell and cratering of the underlying aluminum mounting plate. However, even the few cells in which the cratering extended into the solar cell itself, or caused a crack in the coverglass and cell, electrical continuity was maintained. Loss in current proportional to the damage area and decrease in fill factor due to cell cracking was observed. The electrical leads from the mounting plate feedthrough to the cell front and rear contacts were found to open in six cells. A silver ribbon of about 3 mil thickness was used for these cells. Where the flat portion of the ribbon faced the ram direction, the ribbon was severely eroded, creating an open circuit. In most cases the ribbon twisted through 90" at the feedthrough so that the narrow (3 mil) edge faced the ram direction; here the silver ribbon remained intact. Examination of the flight data indicates that the erosion did not occur to any extent that would affect cell performance during the data recording portion of the flight, the first eleven months. Post-flight performance testing of these cells was accomplished by direct probing of the cell contacts, no significant change from pre-flight performance was seen.
The first post-flight electrical test performed was measurement of the short-circuit current utilizing the precision load resistor mounted on each cell for the flight. The resistors were soldered to the cell mounting plate electrical feedthroughs on the underside of the cell mounting plates. These measurements, as well as subsequent current-voltage (I-V) tests, were carried out in the Solar Cell Evaluation Laboratory at Lewis Research Center using a Spectrolab X-25L solar simulator. This simulator employs a short-arc xenon lamp as the light source and provides uniform, collimated illumination. The intensity of the simulator was set using an aircraft calibrated silicon standard which is identical to the standard used at Eppley Laboratory for pre-flight testing, where a xenon arc lamp simulator was also utilized. Cell temperature was monitored using the flight thermistors. Upon completion of the measurement of short-circuit current, the load resistor was removed from the circuit by cutting one of its two leads. If LDEF had been retrieved on schedule and the value of the cells as calibration standards was retained, the load resistors could not have been removed. However, the absence of data from the last five years on-orbit negates their usefulness as standards. The complete I-V characteristic of all cells were then measured at 25 "C and recorded. Table II compares flight data with pre-and post-flight simulator data for a small representative sampling of the silicon cells. All data presented here is corrected to 25 "C and one AM0 sun (136.7 mWIcm2). All of these cells are n-p type, as were most of the silicon cells flown. Also included is the value of short-circuit current as measured on-orbit.
The loss in voltage and current in the unglassed cells (cells ISC 63 and ISC 83) was consistent with the proton radiation flux of the 250 nm, 28" inclination orbit. The variation in pre-flight to post-flight Isc for the last four cells of Table II is typical of the entire cells set; the variation was within about k2OA It is believed that this variation was due to inherent differences is the LeRC simulator and data acquisition system used for post-flight testing and those at Eppley Labs used for pre-flight testing. Pre-flight testing was not performed at LeRC as it was expected that the APEX cells would be used as calibrated reference cells; the evolution of the experiment into a long term durability test was neither expected nor ever contemplated. 
CONCLUSION
The solar cells and sensors flown on APEX survived well their nearly six years in low earth orbit. Post-flight testing of the Eppley cavity radiometer shows that it is essential unchanged from its pre-flight condition. The solar cell set survived equally well, with no evidence of electrical or physical changes except in those cases where debris or micrometeoroids cratered the cells. Preflight and post-flight performance measurements are in good agrbement.
